Background: Visceral fat plays a central role in the development of metabolic syndrome and atherosclerotic cardiovascular diseases. The association of visceral fat accumulation with cardio-metabolic diseases has been reported, but the impact of visceral fat on the gene expression profile in peripheral blood cells remains to be determined. The aim of this study was to determine the effects of visceral fat area (VFA) and subcutaneous fat area (SFA) on the gene expression profile in peripheral blood cells of obese subjects.
Background
Increasing evidence demonstrates that excess visceral fat locates upstream of the metabolic syndrome, a cluster of diabetes, dyslipidemia, and hypertension, which is associated with atherosclerotic cardiovascular diseases [1] . In a series of clinical studies, we have shown that visceral fat area (VFA), but not subcutaneous fat area (SFA), correlates significantly and strongly with cardiometabolic diseases [2, 3] . Various groups, including ours, have focused on the underlying molecular mechanism and links between visceral fat accumulation and cardiometabolic diseases [4, 5] . Some of the discussed molecular pathological links between visceral adiposity and
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We have also examined the role of gene expression profile in peripheral blood cells, and reported that visceral adiposity can alter the expression profiles of various genes in peripheral blood cells, including those involved in circadian rhythm and inflammation [8, 9] . However, in these studies, visceral adiposity, including VFA and SFA, was not assessed by modern precision technology such as computed tomography (CT). In addition, impact of SFA on gene expressions in peripheral blood cells was not determined. Moreover, most of the enrolled subjects were overt type 2 diabetes patients (HbA1c; 8.1 ± 2.2%) in our previous study [8, 9] , suggesting that gene expression profile in peripheral blood cells influenced by these parameters. Other groups also investigated the impact of VFA and/or SFA on the expression of various genes in peripheral blood cells. For example, Lee et al. [10] found a significant association between VFA, but not SFA, and sirtuin 1 (SIRT1) mRNA level in peripheral blood mononuclear cells.
The aim of the present study was to define the association of VFA and SFA determined by CT, with the gene expression profile in peripheral blood cells in obese subjects free of overt diabetes.
Methods

Study population
The enrolled subjects were hospitalized at Sumitomo Hospital between February 2012 and April 2014 to receive calorie-restricted diet therapy for obesity. Subjects with type 1 diabetes mellitus, cancer, autoimmune diseases, and infectious diseases were excluded from the present study. Patients treated with glucose-lowering agents were also excluded. Written informed consent was obtained from each patient after explaining the purpose of study. The study protocol was approved by the human ethics committees of Sumitomo Hospital and Osaka University. The study was also registered with the University Hospital Medical Information Network (UMIN #000001663).
Clinical parameters
Obesity was defined as body mass index (BMI) greater than 25 kg/m 2 according to the criteria of the Japan Society for the Study of Obesity [11] . VFA and SFA were measured on the cross-sectional CT slice at the umbilical level [12] . Waist circumference was measured with a tape at the umbilical level in standing position. Serum adiponectin concentration was measured by a latex particle-enhanced turbidimetric immunoassay with a human adiponectin latex kit (Otsuka Pharmaceutical Co., Tokyo, Japan). The homeostasis model − assessment of insulin resistance (HOMA-IR) was calculated by the equation: [HOMA-IR = fasting insulin (µU/mL) × fasting glucose (mg/dL)/405]. Type 2 diabetes mellitus and borderline diabetes were defined according to the criteria of the Japan Diabetes Society [13] . Briefly, diabetes was defined as fasting glucose of ≥126 mg/dL, casual glucose of ≥200 mg/dL, or HbA1c of ≥6.5%. Hypertension was defined as systolic blood pressure (SBP) of ≥140 mm Hg, diastolic BP (DBP) of ≥90 mm Hg, or treatment with antihypertensive agents. Dyslipidemia was defined as fasting triglycerides (TG) of ≥150 mg/dL, high-density lipoprotein cholesterol (HDL-C) of <40 mg/dL, or low-density lipoprotein cholesterol (LDL-C) of ≥140 mg/dL, or treatment with lipid-lowering agents. LDL-C was calculated using the Friedewald formula, except in cases with TG of >400 mg/dL. The estimated glomerular filtration rate (eGFR) was calculated by using the following formula: [14] . Intima-media thickness (IMT) of common carotid artery was measured by echography (HI VISION Preirus; Hitachi, Tokyo).
Microarray analysis
Blood samples were collected into PaxGene Blood RNA tubes (PreAnalytiX, Qiagen Inc., Valencia, CA) before breakfast and left to stand for 2 h at room temperature. The tubes were kept at −20 °C for 2 days and then stored at −80 °C. Total RNA was extracted from the blood sample by using PaxGene Blood RNA Kit (PreAnalytiX, Qiagen). After RNA was qualified by Agilent 2100 Bioanalyzer, 100 ng of total RNA was converted to cDNA, amplified, and labeled with Cy3-labeled CTP using the Quick Amp Labeling kit (Agilent Technologies, Santa Clara, CA). The amplified cRNA and dye incorporation were quantified using ND-1000 Spectrophotometer (Nano Drop Technologies, Wilmington, DE) and hybridized to SurePrint G3 Human GE Microarray 8 × 60 k ver. 2.0 (Design ID: 039494, Agilent Technologies). After hybridization, arrays were washed consecutively by using Gene Expression Wash Pack (Agilent Technologies). Fluorescence images of the hybridized arrays were generated using the Agilent DNA Microarray Scanner, and the intensities were extracted with Agilent Feature Extraction software ver. 10.7.3.1. The raw microarray data are deposited in the National Center for Biotechnology Information Gene Expression Omnibus (GEO Series GSE85226).
Microarray data analyses
The raw microarray intensities were processed by the percentile shift method (75th percentile) with GeneSpring GX 13.0 (Agilent Technologies) so as to normalize the range of expression intensities for intermicroarray. Genes found to be expressed in more than 50% of the hybridizations were subjected to further analyses. The normalized data were exported from the GeneSpring GX software. The univariate correlation between clinical parameters, including VFA and SFA, and peripheral blood gene expression levels was examined by Pearson's correlation under the R environment (http://cran.at.r-project.org). Gene ontology (GO) information was retrieved from the annotations in GeneSpring GX 13.0.
Results
Characteristics of the enrolled subjects
The clinical characteristics of the participating subjects are listed in ), respectively. The mean serum adiponectin concentration was 4.2 μg/mL (range, 2.3-9.8 μg/mL) and the mean HbA1c was 6.3% (range, 5.3-10.9%). Among the 17 subjects, 5 had type 2 diabetes, 6 had borderline diabetes, and 6 subjects had normal glucose tolerance. All 5 diabetic patients were not treated with any anti-diabetic agents. Atherosclerotic plaque in the carotid artery (IMT ≥1.1 mm) was observed in 7 subjects. Among the 17 subjects, dyslipidemia and hypertension were found in 15 and 8 subjects, respectively. Seven patients were treated with statins and four patients were treated with angiotensin converting enzyme inhibitor (ACE-I) or angiotensin II receptor blocker (ARB).
Gene expression profiles
Peripheral blood RNA samples were subjected to microarray analysis. The target probes were selected under the condition that significant signals were detected in more than 7 cases among 17 subjects and thus 23,197 probes were extracted for gene expression analysis. Table 2 lists the number of probes that showed significant changes according to various clinical variables under the statistical environment that the parametric false discovery rate (FDR) was less than 0.1. Sex and age had impacts on 52 and 625 probes, respectively. Surprisingly, VFA had a great impact on peripheral blood cells gene expression, i.e., 1354 probes consisting of 307 up-regulated and 1047 down-regulated probes. However, no significant gene probes were detected with SFA or BMI. Serum adiponectin, diabetes, HbA1c, and HOMA-IR also had no impact on the gene expression in peripheral blood cells. Likewise, statins and ACE-I/ARB had no effect. Figure 1 illustrates the number of upregulated/downregulated probes according to various clinical parameters. Table 3 lists the top 30 genes that correlated significantly with VFA positively and negatively. Among these genes, Krüppel-like factor 10 (KLF10) was the most significant (Table 3) .
Gene ontology
Gene ontology (GO) analysis was also performed to further determine the impact of VFA on gene expression profile in peripheral blood cells. As shown in Table 4 , visceral fat adiposity correlated significantly with genes related to the metabolic process, oxygen transport, and nucleotide binding. Genes involved in inflammation (GO: 0006954), oxidative stress (GO: 0006979), immune response (GO: 0006955), lipid metabolism (GO: 0006629), and glucose metabolism (GO: 0006006), were finally examined. Figure 2 shows the percentage of genes (among all genes) that correlated significantly with SFA and VFA (p < 0.05). VFA correlated with 17.6, 26.8, 18.4, 25.5, and 26.4% of genes involved in inflammation, oxidative stress, immune response, lipid metabolism, and glucose metabolism, respectively, while the respective percentages for SFA were only 4.2, 2.6, 2.7, 3.4, and 3.2%. Statin use (±) 7/10 ACE-I/ARB use (±) 4/13
Discussion
The major finding of the present study was that visceral fat, but not subcutaneous fat, in obese individuals had a significant impact on peripheral blood cells gene expression profile. While similar results were reported previously by our group [8, 9] , these studies had several limitations: (1) VFA was estimated by abdominal bioelectrical impedance analysis (BIA), rather than by CT. The latter is recognized as the gold standard method for fat area measurement [12, 15, 16] . (2) The majority of the subjects enrolled in the above previous studies were diabetics (75%) with a mean HbA1c of 8.1%. The inclusion of such patients could have influenced the results. (3) Impact of SFA on gene expression level in peripheral blood cells could not be determined under abdominal BIA procedure. The present study is clinically more significant as it included precise measurement of VFA and SFA by CT scan and negligible diabetic conditions. The biological differences between visceral and subcutaneous fat have been investigated. The rate of lipolysis and lipogenesis activities are higher in adipocytes of visceral fat tissue than those of subcutaneous fat tissue [17, 18] , suggesting that visceral fat accumulation increases free fatty acids (FFA) in the portal vein, accelerates hepatic lipogenesis, and results in dyslipidemia involving high FFA level in the bloodstream. Visceral fat accumulation also enhances inflow of glycerol into the liver and hepatic glucose production through adipose and hepatic glycerol channels; aquaporin 7 and 9, respectively [19] . Furthermore, adipose mRNA levels dynamically change in visceral fat compared to subcutaneous fat, especially in obese subjects. As BMI increases, the mRNA levels of adiponectin and peroxisome proliferator-activated receptor gamma (PPARγ) are reduced, while mRNA level of NADPH oxidase subunit p22, promoting reactive oxygen species (ROS), is augmented, in visceral fat, but not in subcutaneous fat [20] . Visceral fat accumulation is also a major risk for the reduction of circulating adiponectin (hypoadiponectinemia) [1] . Collectively, compared to subcutaneous fat, visceral fat accumulation largely and pathologically alters not only its own fat tissue, but also circulating substances and metabolic outcome. It is therefore conceivable that these visceral fat-mediated changes can also alter the gene expression profile in peripheral blood cells.
Increasing evidence indicates that chronic low-grade inflammation in the adipose tissue, especially in visceral fat, is located upstream of the metabolic syndrome [21, 22] . Gut microbiota also accelerates inflammatory changes in visceral fat [7] . Various immune cells infiltrate adipose tissue and cause inflammatory changes through direct cell-cell interaction and/or indirect cytokinemediated intercellular communication. It is not hard to imagine that such interactions among immune cells and adipocytes influence peripheral blood cells, but such processes have not been confirmed yet. The present study also suggests that gene expression profile of peripheral blood cells reflects local inflammatory changes in visceral fat. Interestingly, KLF10, a member of the Krüppel-like family of transcription factors, showed the most significant and negative correlation with VFA (Table 3) . KLF10 is augmented through the transforming growth factor-β (TGF-β)-Smad signaling pathway [23] . It plays a crucial role in TGF-β-mediated induction of regulatory T-cells (Treg) from naive T-cells [24] . In mice lacking KLF10, Treg activity was reduced and proinflammatory changes were accelerated. Transfer of KLF10-deficient T-cells failed to suppress the development of atherosclerosis in apolipoprotein E knockout mice with high-fat diet [25] . KLF10-deficient mice also showed hyperglycemia in males and hypertriglyceridemia in females [26] . KLF10 has been shown to regulate 20-30% of hepatic genes related to glucose and lipid metabolism [26] . Genetic variants of KLF10 are associated with susceptibility to type 2 diabetes [27] . However, KLF10 mRNA expressions were not significantly correlated with diabetes or dyslipidemia in present study. To confirm the association between KLF10 expressions in peripheral blood cells and diabetes or dyslipidemia, further investigations would be desired in some other populations, different from present clinical profiles, such as non-obese or non-diabetic subjects. Present data provides a possibility that visceral fat adiposity-associated reduction in peripheral blood KLF10 mRNA level is related to the pathogenesis of the metabolic syndrome, although further clinical studies would be needed in future. The present study has several limitations. The study population was small and the proportion of female was low. Several participants received medications such as statins and ACE-I/ARBs. Importantly, the majority of subjects were obese and showed abundant accumulation of visceral fat according to the Japanese criteria; the study included only one subject with VFA below 100 cm 2 . The full impact of VFA on the gene expression profile of peripheral blood cells has not been determined previously and should be examined also in non-obese individuals. In the present study, among the top 30 genes that correlated positively with VFA (Table 3 ), 14 (46.7%) genes were up-regulated in obesity, and among the top 30 genes that correlated negatively with VFA (Table 3) , 17 (56.7%) genes were down-regulated in obesity. Unfortunately, a control group of nonobese subjects could not be included in the present study for ethical reasons (exposure of such subjects to CT scanning). For this reason, no data are available for the correlation of VFA and SFA to the gene expression profile of peripheral blood cells in non-obese subjects. Therefore, our results can only be applied to obese individuals.
Conclusions
The present study demonstrated that accumulation of visceral fat, but not that of subcutaneous fat, alters the gene expression profile of peripheral blood cells in obese Japanese subjects. The results should enhance our understanding of the pathogenesis of the metabolic syndrome. Fig. 2 Percentages of obesity-related genes that correlated significantly with visceral and subcutaneous fat area. Gene ontology analysis was performed to examine the impact of visceral fat area (VFA) and subcutaneous fat area (SFA) on the percentage of obesity-associated genes (relative to total number of genes), such as inflammation (GO:0006954), oxidative stress (GO:0006979), immune response (GO:0006955), lipid metabolism (GO:0006629), and glucose metabolism (GO:0006006)
